A heteroscedastic double-hurdle model is used to investigate household butter consumption in the United States. Results suggest that failure to incorporate heteroscedastic errors may lead to unreliable elasticity estimates. Decomposition of the effects of variables leads to insightful information and makes the double-hurdle model a more useful tool in micro demand analysis. Larger and higher-income households are more likely to consume butter than others and also consume more, but income elasticity is very small. Age, region, and seasonality are among the other significant determinants of household butter consumption.
Irish, features a probit equation to explain partic-= a, ML estimation produces biased and inconipation and a Tobit mechanism for nonconsump-sistent parameter estimates when the errors are hettion among potential consumers.
eroscedastic (Arabmazar and Schmidt) . HeteroFor observation t, define d t as the dummy vari-scedasticity can easily be incorporated by allowing able for participation and d* as its corresponding the standard deviation ao to vary across observalatent (unobserved) variable. Likewise, let y, be tions. In particular, the standard deviation r, is the tth observation on the dependent variable and parameterized as follows: yt* be the corresponding latent variable. The two latent variables are described by the regression (4) a= exp(wty), equations where w t , a subset of x t , is a vector of exogenous dt* = ±_ + tvariables and y is a conformable parameter vector. (1) ' = 'x +tThe exponential specification in (4) has the desir-Y* = xt + v, able property that the standard deviation o, will be strictly positive.' where x t is a vector of exogenous variables, a and
In assessing the appropriateness of the doublep are conformable parameter vectors, and u, and hurdle model in modeling demand with zero obvt are independent random errors such that servations, one might note that household data are u t~ N(0,1) and v, -N(O,(t). The observed con-typically collected in a relatively short sample pesumption yt relates to the latent variables y* and riod. For commodities that are purchased relatively d* such that less frequently, zero observations may be the consequence of infrequency of purchase. Based on a Yt = Y* if d* > 0 and y* > 0 sample from the 1989 Diary Survey, Blisard and ( ) = O otherwise. Blaylock concluded that the infrequency-of-purchase model is preferable to the double-hurdle Note that, in principle, the two latent variables in model in modeling U.S. butter demand.
2 Thus, the (1) could be specified as functions of separate (not infrequency-of-purchase model cannot be disnecessarily exclusive) sets of regressors. In empir-missed as a possible account for the zero observaical studies, however, researchers have often tions. However, since households consuming more struggled with specifications of the two equations of a commodity are more likely to report consumpbecause the list of variables is typically limited and tion during a given period than others, the probatheory provides no guidance. Though we use iden-bility ((xtot) in the double-hurdle model, when tical sets of variables in the two equations, the carefully interpreted, should also reflects the probdifferent parameter vectors allow the flexibility in ability of purchase. Therefore, it has been argued modeling the participation and consumption deci-that the double-hurdle model is also appropriate for sions.
modeling demand with zeros resulting from nonDenote the univariate standard normal distribu-consumption, infrequency of purchase, or a mixtion and density functions as b(') and c(•), respec-ture of both (Yen, p. 887) . Nevertheless, while we tively. Then, (1) and (2) suggest the following focus on the double-hurdle model in this study, the sample likelihood function for the double-hurdle model will be tested against the infrequency-ofmodel (Blundell and Meghir, eq. (17) ): purchase model, using the nonnested LR test procedure of Vuong. The development of the likeli-
hood function for the infrequency-of-purchase y,=O model and the nonnested LR test procedure are (3) presented in the appendix.
y,>O
The other specifications considered include T, = w,y, acr = It is obvious that the double-hurdle model reduces exp(w,-), r, = ac exp(w,y), and ort = cr exp(wy), where o is a to the Tobit model when the probit mechanism constant. Maddala (chap. 6) and Greene (chap. 21) discuss some of the specifications that have been considered in the literature.
(i.e., d* > 0) is absent in (2). This is also seen in 2 In Blisard and Blaylock, both the double-hurdle and the infrethe likelihood function (3) when ((xao) = 1. quency-of-purchase models were estimated with homoscedastic errors.
Thus, the two models are nested, and selection Thus, the LR test might be testing one misspecified model against anThus, the two models are nested, and selection other and therefore the implication of the test is not clear. between the specifications can be done conve-3 when the probability of participation (D(x,a) is constant, the doubleniently by the likelihood-ratio (LR) test.
hurdle model is observationally equivalent to a model of infrequency of When the double-hurdle model is estimated with purchase with comer solution; see Deaton and Irish. When, i(xa) is allowed to vary across observations, however, the two models are only homoscedastic error specification, that is, with U% intimately related, in that they both nest the standard Tobit model.
Elasticities
aP(d* > 0) (9) = )(xot)j. Most empirical applications of the double-hurdle " model to date have reported only parameter esti-The marginal responses of participation have mates of the model. This is not entirely informa-rarely been considered in empirical studies. Such tive, because the probability, and therefore the un-marginal responses, however, can be important conditional mean, of consumption depends on both pieces of information for food marketers in targetthe first-hurdle and second-hurdle regressors. This ing potential consumer groups and evaluating the is not surprising because both the probit and Tobit effectiveness of certain marketing strategies. The mechanisms determine the zero (and positive) out-marginal effect of xt on the probability of concomes. The net effect of an explanatory variable sumption is 4 on consumption becomes particularly ambiguous when the variable has conflicting signs on the par-> ticipation and consumption equations. In addition, = <D(x ,/a )+(x )o the specification of heteroscedasticity also compliaxtj cates such effects. Therefore, for the doublehurdle model, it is important to examine the effects
of explanatory variables more carefully. Our deai composition of elasticities is slightly more compli- (10) x P-(X4/T )-cated than that of McDonald and Moffitt for the axtj standard Tobit model due to the double-hurdle parameterization and the heteroscedasticity specifica-From (6) and (10), it is obvious that the probability tion.
of consumption depends upon both the first-hurdle Based on the double-hurdle structure (1) and (2) parameters (a) and second-hurdle parameters (3). and the normality assumptions of the error terms, Thus, the common practice among users of the the probabilities of participation and consumption double-hurdle model of reporting only the paramare, respectively, eter estimates explains participation only but not probability of consumption. This is not entirely (5) P(d* > 0) = F((xta), informative. The derivative of the conditional mean with respect to xt is
The second equality in (6) 
The derivative (11) suggests that, for variables Thus, the unconditional mean of y, is which are used in both the latent consumption
equation and the heteroscedastic equation, the marginal effects on the conditional mean may not = ()(xtOt) (D(xtl/at) be directly related to the corresponding consumption coefficient. Note that for the homoscedastic (8) (10) and (11) can be simplified; see generit, c ider te m in re e footnote 4. In this case, the derivative (11) reduces For generality, consider the marginal responses of xj (the jth element of x t , with associated parameters a i and PI), which is also used in the heteroscedasticity equation (4). The derivative of the parFor this study, w, = x,j forj = 1,2. Thus, Or,/ax, = ay j forj = ticipation probability (5) with respect to xtj is 1,2; = 0 forj > 2, where yj is the jth element of y.
to the expression considered in Maddala (p. 160) replicates of the same household as separate obfor the homoscedastic Tobit model.
servations. The major problem with this approach Based on the marginal responses (9), (10), and is that, for households with complete two-week (11), the corresponding elasticities are straight-information, the values of explanatory variables do foward. By construction, the elasticities of proba-not change from one week to the other. Consebility and conditional level of consumption add up quently, variations in weekly consumption are to the elasticity of unconditional level of consump-picked up by the error terms, causing correlations tion; see (8). These elasticities allow a thorough among the errors.
s To avoid such problems, we examination of the effects of variables on various include only households with complete two-week components of consumption. For instance, the information. elasticity of participation measures the effect of a Household expenditure on butter during the twovariable on the likelihood to participate in the mar-week period was used as the dependent variable. ket, whereas the elasticity of probability of con-As common in other cross sectional data, informasumption reflects the effect of the variable on the tion on prices was not available in the Diary Surprobability to actually consume. Conditional on veys. However, the regional and seasonal dumconsumption (i.e., given that a decision to con-mies are likely to account for some of the regional sume has been made), the elasticity of the condi-and temporal price variations. Drawing on Blisard tional level of consumption measures the effect of and Blaylock's earlier study of butter demand, the a variable on consumption. Finally, the elasticity explanatory variables included household size, edof the unconditional level of consumption (i.e., the ucation, income, and dummy variables indicating total elasticity) provides an overall assessment of age of the household head, regions, race, year the effect of a variable on consumption.
( 1990 or 1989) , and quarter during which the inFor statistical inferences, the standard errors for terviews were conducted. Households with misselasticities can be derived by mathematical approx-ing information for any of these variables were imation. Denote the parameters vector character-excluded. This resulted in a final sample of 8083 izing the model as 0 = [t,3,,y]', with ML esti-observations, of which 4313 came from the 1989 mator 0 and variance-covariance matrix i, the kth Diary Survey and 3770 from the 1990 Diary Surelasticity (a scalar) as Ek = k(0), and the Jaco-vey. Only 1498 households (or 18.53 per cent) bian of transformation from 0 to Ek as Jk. Then, by reported expenditure of butter during the two-week the delta method (Rao), the variance of Ek can be period. It is particularly noteworthy that the high approximated by proportion of zero observations prevents the use of v~ar(~ " J J_ , any statistical procedure which does not accommo-
date the limited dependent variable. The detailed where Jk can be evaluated at the ML estimates and definitions of all variables used and the sample at the sample means of exogenous variables, means for the full, consumer, and nonconsumer Since several of the regressors are binary vari-samples are presented in Table 1 . ables, the effects of these variables cannot strictly be expressed in terms of elasticities. The effects of each variable on each component of consumption Results can be more appropriately calculated as the difference in this component as the value of the variable The double-hurdle model was estimated by maxichanges from zero to one, ceteris paribus.
mizing the logarithm of the likelihood function (3). Numerical optimization was carried out with the quadratic hill-climbing algorithm (Goldfeld et Data al.). The Hessian matrix was derived by numerically differentiating the analytic gradient, and was The sample for the present study was drawn from inverted to derive the variance-covariance matrix the BLS' 1989 and 1990 Consumer Expenditure of the estimated parameters. Diary Surveys (U.S. Department of Commerce
In preliminary estimation, different combina-1989, 1990 ). Each year the Diary Survey was con-tions of continuous variables (household size, inducted on each sample consumer unit during two consecutive one-week periods. The data tapes include households which completed both one and We thank one referee for pointing out this problem.
weeks of the surveys. One common practi e r 6 The analytic derivatives of the log-likelihood functions for the doutwo weeks of the surveys. One common practic ble-hurdle and infrequency-of-purchase models are available from the among users of the Diary Survey data is to treat authors. come, education) were experimentally included in dasticity equation and lends support to the heterovarious forms of the heteroscedasticity equation; scedastic specification. 7 see footnote 1. By the Akaike Information CriteThe estimation results of both models are prerion (Amemiya, pp. 146-47), the exponential form sented in Table 2 . In assessing the parameter esti-(4) was chosen, with household size being signif-mates of the heteroscedastic model, household size icant at the 0.01 level. Thus, the assumption of and income are both significant (at the 0.10 level homoscedastic errors was rejected.
or lower) and have conflicting signs in the particTo test the double-hurdle model against the in-ipation and consumption equations. Opposite signs frequency-of-purchase model, the latter was also are also observed for income in the homoscedastic estimated, with household size in the hetero-model. Blisard and Blaylock also reported offsetscedastic equation (significant at 0.01 level), ting regression coefficients for these variables in which leads to a lower log-likelihood function the participation and consumption equations.8 value (-6256.44 ). Based on the nonnested LR These opposite effects of variables are likely to be test procedure of Vuong (see appendix), the stan-masked by the restrictive parameterization of the dard normal statistics was calculated as 1.02. Tobit model, and therefore they highlight the imThus, contrary to the findings of Blisard and Blay-portance of the double-hurdle parameterization. Parameter estimates for the homoscedastic model tory variables were evaluated at the sample means are very different from those of the heteroscedastic of all explanatory variables. The results are premodel. For instance, in contrast to results of the sented in Table 3 . Based on the heteroscedastic heteroscedastic model, income is not significant in model, the elasticities with respect to household the participation equation and household size is not size suggest that larger households are more likely significant in the consumption equation. to participate (i.e., to consider consuming butter) As suggested by the marginal responses dis-and are more likely to consume butter than others. cussed above, while the participation parameters Contrary to what the negative and significant coexclusively determine the direction of effects on efficient (-0.728) would suggest, the elasticity of participation, because of the conflicting signs of the conditional level of consumption is positive these variables on the probability and the condi-and insignificant. The insignificant effect of tional level of consumption can be opposite, and household size on the conditional level is obvibecause household size was used in the heterosce-ously caused by the conflicting signs of this varidastic equation, the effects of these variables on able in the latent consumption equation and the the probability and conditional level of consump-heteroscedasticity equation (see eq. (11)); it also tion are not clear. To gain more insight into the highlights one of the important reasons for calcueffects of these explanatory variables and the dif-lating and decomposing the elasticities, especially ferences caused by the different specifications when heteroscedasticity of the errors is accommo-(across models), we must turn to the elasticities. dated. Overall, the elasticity of unconditional level The elasticities of participation, probability, of consumption (i.e., the total elasticity) suggests conditional level, and unconditional level of con-that as the size of the household increases by one sumption with respect to the continuous explana-percent, ceteris paribus, the consumption of butter increases by 0.57 per cent. Judging from the elas-under 30 years of age are about 8 per cent less ticities with respect to income, higher-income likely to participate in the market, are 6 per cent households are less likely to participate in the mar-less likely to consume butter, and, conditional on ket, but are more likely to consume; conditional on consumption, consume about 0.15 lb. less than consumption, these households also consume more others during the two-week period. Overall, the butter than others. Overall, the total elasticity with effect on the unconditional level of consumption respect to income suggests that butter is a normal suggests that, these households consume only good, though the elasticity is very small. That is, about 0.147 lb. less than others during the twoas income increases (decreases) by one percent, week period. The effects of other dummy variables ceteris paribus, consumption of butter increases can be interpreted in the same manner. The homo-(decreases) by only 0.14 percent. Education is not scedastic model suggests quite different effects of a significant determinant of butter consumption. these dummy variables. The elasticities derived from the homoscedastic model suggest that failure to accommodate heteroscedasticity can produce very different results. For Concluding Remarks instance, contrary to the heteroscedastic model, the homoscedastic model suggest that income does The high proportion of zero observations in the not play a significant role in participation. Most current sample precludes the use of standard econother elasticities are qualitatively similar (in terms ometric procedures such as the ordinary least of signs and significance) to the corresponding squares. The double-hurdle model is a useful genelasticities suggested by the heteroscedastic eralization of the Tobit model in that it allows the model. However, there are notable quantitative participation and consumption decisions to be dedifferences. For instances, the elasticity of the termined by separate sets of parameters. In addiprobability of consumption with respect to house-tion, the specification of heteroscedastic errors furhold size (0.32) is about seven standard deviations ther reduces the possibility of misspecification and below that calculated from the heteroscedastic avoids inconsistency of the parameter estimates. model (1.17).
Our results suggest that failure to account for hetAlso presented in Table 3 are the effects of sig-eroscedasticity in the errors can lead to unreliable nificant dummy variables. 1 These effects suggest elasticity estimates, which could have misleading that, relative to others, households with members policy and marketing implications.
With the increasing availability of micro survey data, the double-hurdle model has become more 'L A dummy variable is considered significant if the corresponding popular than ever. We demonstrate that results of "elasticities" (not reported) are significant at the 0.10 level or lower, the double-hurdle model can be exploited further by decomposing the effects of explanatory varis* = xtO + et, ables. We find that larger households are more likely to consume butter than others and also cony* = xt3 + vt, sume more. Higher-income households are less sume more. Higher-income households are less where e t and v t are independent random errors such likely to participate in the market than others but, and v n er that E¢ -N(0,1) and v, ~ N(O,ao,) . The observed overall, are more likely to consume butter and also tt e N and v t N(OB u) The observed consume more. Butter is a normal good, but the consumption y, is such that (Blundell and Meghir) consume more. Butter is a normal good, but the income elasticity is very small. Yt = y*lPr(s* > 0) if y* > 0 and s* > 0 = 0 otherwise.
Appendix
Thus, similar to the double-hurdle model, a zero
This appendix presents briefly the infrequency-of-observation occurs if the household does not purpurchase model, the nonnested model specification chase or does not consume. The sample likelihood test, and parameter estimates of the infrequency-function for the infrequency-of-purchase model is of-purchase models.
(Blundell and Meghir, Table 1 ). aAsterisks indicate levels of significance: *** = 0.01, ** = 0.05, * = 0.10. bTest statistics for testing the double-hurdle model against the infrequency-of-purchase model; z is asymptotically N(0,1).
